In experimental typhus fever of guinea pigs the differences between the European strain and the Mexican strain are sufficiently definite to permit differentiation. The chief points which make such recognition possible were emphasized by Mooser (1) and have been confirmed in every particular by ourselves. They consist especially in the regularity with which testicular swelling occurs, after intraperitoneal inoculation, in the Mexican variety, the constant presence of the Rickettsia-like bodies described by Mooser in the tunica and the relatively earlier temperature rise which, in the Mexican virus animals, may begin on the fourth, fifth or sixth day, whereas in the European type it is usually deferred until the ninth day or later. In the European type, also, the temperature is apt to reach a higher point and, as Mooser correctly points out, the nodular lesions in the brain described by Otto and Dietrich (2), Spielmeyer (3), Wolbach (4) and others are more frequent. It should be noted, however, that if the Mexican virus is subcutaneously injected instead of intraperitoneally, scrotal swelling with Rickettsiae does not appear, the temperature is apt to begin later and the characteristic brain lesions are present. Subcutaneously inoculated Mexican virus, then, produces a disease closely simulating the European variety. Moreover, even after intraperitoneal inoculation, certain strains of the Mexican disease (like the "J" strain described by one of us in a previous communication) will occasionally produce disease without tunica lesions and with temperature curves and other features closely analogous to the European type of disease. 649
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Common to the two diseases is demonstrable louse transmission (5), cross immunization and, under proper conditions, the brain lesion. In the European disease, also, we have been able to confirm Pinkerton's (6) observation that Rickettsia bodies similar to those described by Mooser can be found if the examination is made at the proper time. Failure in finding them, we believe, has been due largely to the fact that search has been deferred until the temperature rise has begun, a period at which the organisms have disappeared from the tunica. Why it is so much more difficult to find Rickettsiae in the tunicas of the European variety, we have no idea. Summarizing all these facts, however, it seems reasonable to assume that we are dealing with two closely related varieties of a single disease group into which, also, Rocky Mountain spotted fever may be placed, Mexican typhus fever occupying a position, as far as guinea pig inoculation is concerned, midway between the European typhus and Rocky Mountain spotted fever.
This of course does not justify one in applying all facts discovered about Mexican typhus fever to the European variety, but it does render it extremely likely that there should be etiological analogy and that immunological observations made on one disease can probably be applied by proper experimental methods to the other.
The work recorded in the present paper has been done almost entirely with the Mexican variety and deals primarily with the etiological problem. The causative significance of Rickettsiae has been advocated by many observers in the past, has been rendered likely by studies with lice and has been considerably strengthened by the discovery of these organisms in the tunica of Mexican typhus animals by Mooser. It is further supported by the experimental louse transmissions recently reported by this writer with Dummer (5) in which lice were infected by feeding on monkeys inoculated with Mexican typhus and developed organisms indistinguishable from those seen in the guinea pig. Although the methylene blue-saffranin method has shown that these bodies stain as easily as do bacteria, there is no doubt of their identity with the Giemsa-staining Rickettsiae, because of morphological similarities, intracellular position and resistance to cultivation. It may well be that cultivation may be accomplished in the future, and if so, the Rickettsiae may be recognized as a specialized variety of true bacteria which have been modified by normal habitat in insects. Until this is accomplished, however, the Mooser bodies must be regarded as true Rickettsiae and this class of organisms segregated for purposes of convenience.
In spite of the probability with which the etiological importance of these organisms has been indicated by many investigations of the past, the crucial etiological demonstration is still lacking and the literature is confused by suggestions of filterable virus, mutations of proteus organisms and the suspicion that possibly the Rickettsiae or Mooser bodies represent merely a concomitant infection carried along with the typhus virus. Objections to the acceptance of Rickettsiae etiology have been based largely upon the uniform failure of attempts to find the Rickettsiae in virulent blood, organs and brain lesions; and the usually small numbers of visible Rickettsiae in tunica lesions, together with their intracellular position, has made it impossible to carry out inoculation experiments with material that did not contain, in addition to Rickettsiae, blood plasma and cells. The results obtained in our own laboratory in the last few years, which we think have strengthened the probable etiological significance of the Mooser bodies, have consisted in negative filtrations, the relatively greater degree of virulence of material containing large numbers of these organisms, the encouraging results of active immunization with formalinized tunica and the typical infectiousness of lice injected by the Weigl method with spleen material in which no Rickettsiae could be found by direct examination. Also, one of us has recently shown that the tunica lesion could disappear for several inoculation generations only to come back from time to time in individual guinea pigs, in every case with the presence of Rickettsiae.
It is not impossible that the peculiar pathology of the disease in guinea pigs could be explained by the fact that, on intraperitoneal inoculation, the Rickettsiae accumulate in the tunica, perhaps because of favorable temperature conditions or nutritive and cellular selective advantages and, from there, penetrate the body generally, disappearing from the tunica as the disease becomes generalized.
The present paper is a record of experiments in which we have endeavored to increase the susceptibility of animals to Mexican typhus fever in order to investigate with greater accuracy the dis-TYPHUS FEVER. II tribution of the Rickettsiae or Mooser bodies throughout the organs, and in order to obtain these microorganisms in sufficient numbers to enable us to carry out a crucial etiological experiment. Our first attempts were based on the reasoning that the testis was of a lower temperature than the body as a whole. The supposition was that perhaps the organisms were carried through the peritoneum into the tunica, and there found lower temperature conditions. The experiments carried out on this plan consisted in the use of two methods to lower the temperature of guinea pigs--one by keeping them, after inoculation, in a cold room having an average temperature of 5 ° to 8°C.; the other in lowering the general temperature by feeding considerable amounts of methyl alcohol by mouth. The latter method was by far the more successful, actually bringing the temperature of guinea pigs down to 97 ° to 99 ° during a period of prolonged intoxication, and appearing to give us a much more plentiful Rickettsiae yield in the tunica. Neither of these methods, however, was adequate for our purposes.
While studying tunica lesions and exudates by the methylene bluesaffranin method, we frequently saw actual phagocytosis of Rickettsiae by polyomorphonuclear neutrophiles. A drawing of such a condition is shown in Fig. 1 . This, we believe, accounts for the occasional slight infectiousness of washed leucocytes recorded in a previous paper (7) . It also suggested to us that possibly the destruction of Rickettsiae in the body was actively carried on by the mobile phagocytes, and that an inhibition of phagocytosis might give us better results. In consequence, we turned to the use of benzol, as recommended by Weiskolten, Schwartz and Steensland (8) .
We carried out experiments with benzol both in guinea pigs and in rats, injecting subcutaneously mixtures of equal volumes of benzol and olive oil and after several such treatments--or at the same time with these treatments--inoculating intraperitoneally with tunica material containing considerable numbers of the organisms.
The benzol injections have given us remarkable results in four or five animals up to the present time, with less successful experiments in a number of others. We have still a great deal to learn about the amounts of benzol that can safely be injected, the intervals of injection, and particularly the most advantageous time after adminis-tration of the benzol at which the infectious material should be injected into the prepared animals. These points are being subjected to detailed study at the present time. Meanwhile, the successful animals have given us results which we believe to be of the greatest importance in connection with the etiology of typhus fever.
An example of one of the best of these benzol rat experiments is the following:
Experiment--Benzol Rat IA.--This rat was subcutaneously injected on May 12 with 2 cc. of a mixture of equal parts of benzol and olive oil. 2 days later, on May 14, this animal received intraperitoneally an injection of tunica of Guinea pig 1, moderately rich in both intra-and extra-cellular Rickettsiae. On May 18, when the rat was to all appearances quite sick, it was chloroformed, carefully dissected and smears taken from the tunica, peritoneal exudate and peritoneal cells, spleen, liver, brain, bone marrow and blood. Examination of these smears showed enormous numbers of intra-and extra-cellular Rickettsiae in both tunica and peritoneum; Rickettsiae were seen both intra-and extra-cellularly in the spleen and in the liver; they were also present in certain elongated cells in the brain smears, 15ossible from the pin, and were found in small numbers in the blood.
In another animal similarly treated, except that two injections of benzol were given, the organisms were similarly distributed, except that while tunica and peritoneum were less heavily infected, the liver contained great numbers grouped in dumps and there were organisms extra-cdlulafly in the blood and--in one field--crowded in a mononuclear cell which, being found in the blood, might well be a desquamated capillary endothelial cell.
In another rat inwhich several benzol injections had been given, a similar result was obtained and the rat died on the fifth day after inoculation. The death of this animal, judging from the distribution of Rickettsiae, might well be regarded as having been due to these organisms, in which case we may have succeeded in possibly converting typhus into a fatal infection for rats. It is impossible, however, to be sure of this, since the death of the animal might have been due to benzol or to a combination of the two causes.
Material for sections of all the organs was taken, and sections will be studied for the purpose of differentially localizing the organisms in the various cells. We would include these studies in the present report were it not for the fact that our differential stain has not yet been successfully adapted to tissue staining, and Giemsa is apt to give such poor contrasts that organisms as small as the Rickettsiae are likely to be visible only in certain cell groups which may not represent the total distribution
Figs. 2 to 7 are drawings and photographs made directly from slides of smears from two rats, showing the numbers and distribution of the Rickettsiae.
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Experiment with the Inoculation of Washed Rickettsiae
The large numbers of extra-cellular Rickettsiae or Mooser bodies in the peritoneum of two of these rats gave us, we thought, an opportunity to carry out a crucial etiological experiment by washing the peritoneal exudate in Locke's solution and infecting guinea pigs with suspensions of Rickettsiae reasonably free from both blood plasma and cellular material.
Experiment/.--The peritoneum was washed with Locke's solution instilled through an incision in the peritoneal wall, about 15 cc. of Locke's solution being used. This material was centrifuged at a low speed for 5 minutes to remove most of the cells, the supernatant fluid again centrifuged for 5 minutes more to further remove cells, and then allowed to settle in the ice chest for a little less than two hours. Again at this time, the supernatant fluid was taken off and centrifuged at high speed for 1 hour. The supernatant fluid was then removed and the hardly visible sediment emulsified in several cubic centimeters of fresh Locke's solution. Two slides made from this suspension showed a not inconsiderable number of Rickettsiae, with only six cells that could be found by what we believe to be complete inspection of the two drops which had been allowed to dry on the slides. Two guinea pigs were injected subcutaneously with this material. Charts 1 and 2 made of these animals show only late and moderate rises in temperature, which are nevertheless suggestive of the typhus febrile movements often seen in subcutaneously inoculated Mexican typhus animals. These animals were intraperitoneally reinoculated with Mexican typhus blood on the 26th day, after the temperature had been normal for several days, together with a control. They remained normal, while the control came down typically, with a temperature of 104.2 ° and scrotal swelling on the sixth day, and on the seventh day a temperature of 106 ° and typical Rickettsiae in the tunica.
Experiment//.--Since we believed that in the first experiment attenuation of the Rickettsiae might have resulted from the length of time consumed in the washing, the exudate similarly taken from a second rat was centrifuged at low speed for 5 minutes, then the supernatant fluid from this centrifuged at high speed for 30 minutes. The sediment was again taken up in 15 cc. of Locke's solution, and again centrifuged at high speed for 30 minutes. This sediment was injected subcutaneously over the abdomen in Guinea pig 3. We specify the abdominal location of the subcutaneous injection because the subsequent testicular swelling in this animal might have been due to the escape of some of the injected fluid into the peritoneum. Our purpose in subcutaneously injecting was to produce, if possible, a European type of the disease, which would have been more convincing than a mere reproduction of the typical Mexican disease with the relatively pure Rickettsiae inoculum. As the chart of Guinea pig 3 shows, there was a typical rise of temperature, exceeding 104 ° on the twelfth day and almost reaching 105 ° on the 
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CRA.RT 2 CHA_~TS 1 AND 2. The above charts are those of the two guinea pigs subcutaneously injected with thoroughly washed Rickettsia material in which microscopic examination showed many Rickettsiae and very few cells. The procedure took about 4 hours during which the material was about 1½ hours in the ice box. It is not unlikely that the Rickettsiae were attenuated by this procedure, which may account for the unconvincing fever curves. These anlraals, however, were re-inoculated with typhus blood on the 26th day and showed no reaction whatever, while the control came down on the 7th day with a temperature of 104.2 ° and 106 ° on the 8th day with marked swelling. The washed Rickettsiae, therefore, immunized against the typhus blood, which indicates identity of virus and Rickettsiae.
thirteenth, a condition, as far as fever curve is concerned, more analogous to the European than to the Mexican type. However, on the fourteenth day scrotal swelling appeared, the animal was killed, and Rickettsiae were found in the tunica.
Although it is more difificult in Mexican typhus fever to find brain lesions and although this animal was killed rather early in the disease for the demonstration of these pathological changes, the brain of this guinea pig was removed, sectioned and stained by Giemsa. There was a certain amount of proliferation of vascular endothelium and a number of lesions were found which we regarded as suggestive of the typhus ones, and two of which Dr. Wolbach--from a greater experience with the pathology of this disease--tells us he would accept as typhus lesions. [ I.
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C~ART 3. Temperature chart of Guinea pig 3, inoculated with washed Rickettsiae as described in Experiment II. These experiments will have to be elaborated of course and repeated, but we publish them because we can see no obvious source of error, and we believe that we have reproduced in guinea pigs a disease which is clinically similar to Mexican typhus fever, including scrotal swelling and Rickettsia bodies, with material in which there might have been a very few endothelial cells from the peritoneum, but in which there was certainly not enough blood plasma to cause infection and which consisted, as closely as it is possible to accomplish this at the present time, of washed Rickettsiae or Mooser bodies.
DISCUSSION
By the use of benzol preliminary to inoculation with tunica material of guinea pigs, we have succeeded in a number of rats in producing a massive invasion of Rickettsiae or Mooser bodies, with large numbers in the tunics and peritoneum and considerable numbers in the spleen, liver, pia mater and in the blood itself. The manner of action of the benzol is as yet undetermined, but we believe that it depresses resistance by the diminution of phagocytosis by the polynuclear neutrophiles, which--from direct observation--we believe to be a powerful factor in the defence of the body against typhus fever. We have not yet succeeded in working out the quantitative and time factors by which these results can be achieved with regularity, but we have had perfect success in three instances and partial success in several others.
The benzol experiment, leading to a greater concentration of Rickettsiae in the blood, has made possible the bedbug feeding experiments described in our typhus Study III.
In obtaining large amounts of Rickettsiae, many of which were extracellular, in the peritoneum, we were enabled to carry out guinea pig inoculation experiments with washed Rickettsiae, free of serum and almost free of cells.
Two guinea pigs subcutaneously inoculated with such washed material, in which the process of washing had consumed about 4 hours, including over 90 minutes settling in the ice chest, presented atypical but--considering possible attenuation and the subcutaneous method of inoculation--probably true typhus reactions. This supposition is corroborated by the fact that these animals subsequently showed no reaction whatever to an intraperitoneal injection of Mexican typhus blood to which the control reacted typically in 7 days, with swelling and a temperature reaching 106°F. In a preceding paper we have presented evidence which suggests that guinea pigs can be actively immunized with formalinized tunica material. In such experiments, so far as our limited experience has gone, it was necessary to allow about a month to elapse between the last vaccine injection and the inoculation with living virus. In guinea pigs which have passed through a typhus infection immunity is established as soon as the temperature returns to normal. Since this was the case in these two animals, we believe that they had recovered from an attack of typhus conveyed by washed living Rickettsiae. In either case, the evidence is definite that the injected, washed Rickettsiae conferred typhus immunity.
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The importance of this experiment lies in the fact that the subcutaneous injection of washed Rickettsiae from a Mexican typhus fever strain, free of plasma and almost entirely free of cells, produced a mild febrile reaction suggestive of, although not entirely characteristic of typhus fever. The mildness of the fever curve we attribute to the partial attentuation of the organisms in the course of washing. The absence of scrotal reaction was due to the subcutaneous manner of injection and renders the significance of the experiment rather greater than less. The fact that this inoculation with presumably pure Rickettsiae material protected these animals against an amount of virus which produced an unusually violent reaction in a control animal, with temperature, typical scrotal swelling and Rickettsiae, presents a train of evidence which in our opinion is incompatible with any interpretation other than that the Rickettsiae constitute the virus of Mexican typhus fever.
Another guinea pig, No. 3 (see Chart 2), after subcutaneous inoculation with washed Rickettsiae--a few of which probably filtered through to the peritoneum, since the injection was over the abdomen--developed a typical temperature curve with scrotal swelling and Rickettsiae in the tunica. This animal was killed on the thirteenth day, and though this was too soon to show well-developed brain lesions, a few lesions were found, which were histologically consistent with those described as characteristic of typhus by Otto and Dietrich, by Spielmeyer and by Wolbach.
CONCLUSIONS
We have adduced strong evidence in favor of identifying the virus 
